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Abstract of US20071 98387 

A system for correctly evaluating a price 
distribution and a risk distribution for a financial 
product or its derivatives introduces a probability 
density function generated with a Boltzmann 
model at a higher accuracy than the Gaussian 
distribution for a probability density. The system 
has an initial value setup unit and an evaluation 
condition setup unit. Initial values include at least 
one of price, price change rate, and the price 
change direction of a financial product. The 
evaluation conditions include at least time steps 
and the number of trials. The Boltzmann model 
analysis unit receives the initial values and the 
evaluation conditions, and repeats simulations of 
price fluctuation, based on the Boltzmann model 
using a Monte Carlo method. A velocity/direction 
distribution setup unit supplies the probability 
distributions of the price, price change rate, and 
the price change direction for the financial 
product to the Boltzmann model analysis unit. A 
random number generator for a Monte Carlo 
method employed in the analysis by the 
Boltzmann model, and an output unit displays the 
analysis result. A dealing system applies the 
financial Boltzmann model to option pricing, and 
reproduces the characteristics of Leptokurcity 
and Fat-tail by linear Boltzmann equation in order 
to define risk-neutral and unique probability 
measures. Consequently, option prices can be 
evaluated in a risk-neutral and unique manner, 
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(57) Abstract: A system for correctly evaluating a price or risk distribution of a financial product or its financial derivative by 
introducing a probability density function with higher precision than that of a normal distribution and a dealing system to which the 
evaluating system is applied are disclosed. The price risk evaluating system comprises an initial value input unit (3) an evaluation 
condi ion input unit (4 an input unit (8) for inputting the speed and direction distributions of an evaluation obect, a Bolzmann 
model analyzing unit (5) for determining a price or risk distribution by repeating price fluctuation simulation for a financial product 
being an evaluation object using a Bolzmann model by the Monte Carlo method under the evaluation conditions, a random number 
generating unit (9) and an output unit (6). The dealing system (100) applies a Bolzmann model (103) in financial engineenTg to 
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^fffifivAxAWVaRMgSl 0 tC^©^^{±}^ U -tOK^OVa RfMB 

V a RH¥MM 1 0 tttt*®«#©g««fflT#**i*T, V a R^g| 
1 0 W^0J©^^T«^^ o 



WO 01/16819 



PCT/JP00/05755 



3 0 



irtLfcx-^-^TSs. ^(Dmmmr r^-f^-xi t^ottit* 



WO 01/16819 PCT/JPOO/05755 

3 1 

57#7t£>^ hMZ&r>TWWi'3ftZ> a Z.CT\ r= (x, y, z) ilfi? 
<0&g£fBJ<Z>ftH£IC#-f5. ^bX> vQ= (vQ x , vQ y , vQ 2 ) ttj&g 
SIHoftgT*, tTORSJT*£. z<D7'A7t<D^ b)i>fre>mf&istrCKZm'& 

[*6] 

_ a0(r,v Q;t) =Q - V0(rjVjQ; t) + S t( r,v)0(r,v,Q;t) 
vol 

-Jdv'dQ'S s (r,v',Q'-^ v,Q)0(r,v',Q';t)-S(r,v,Q;t) 

HET, SS&fttt. 2 t (r, v) iS s (r, v', Q ' -v, Q) T, 

cm 2 ) t*^>o fit, m?mi®t*&?i®<Dffimm***%.z>o mmm 
20 syMMtfiSts. 
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3 2 

[R7] 

— = /x + Z,(v)0(x,v, J u;t) 

vdt dx 



-fdv'd^vV - v,/x)0(x, vV;t) 



10 [ft 8] 

d0(x;t) _ p a 2 0(x;t) 

vat ax 2 

[ft9] 

f2,(u) 

20 MDy$a^y 3 >ll II^oittftMIMtHio^^S. d 

r\ -us, fi£*©*JS«aiCR*. 
^tt^cD^gp^p (x, v, w; t) tt, ^^^"?>^S^JcJ:oT# 
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3 3 

[*l 0] 

dp(x,v,^;t) a P (x,v,^;t) .x. 
_ v ^ _ + Z,(v)vp(x,v,^;t) 

-Jdv'df*S.(v>'- v^)v'p(x 5 v' 5 ^';t) 

[»l 13 

aP(x;t) _ D , a 2 P(x;t) 

at a x 2 

&&m&P (x ; t) MviM/iTOp (x, v, m ; t) ©gffrT 
[»123 



f A 



[IS l 3 3 

A t = u2 t (u) 

[»143 



(7 = 



f2u 



2 



A 



&il££^To MMW7f^JfO(l V~ (0. 1)0 [ 1 /year] (7){g 

20 fcWM&AU Bf:-MI$tinH i^A.ll 3 6 5(7) [1/ 



WO 01/16819 PCT/JP00/05755 

3 4 

year] ICfc*. U tt, 0. 0117 [ 1 /day] (Uttte, 10»fcD©tttt«D^ 

[»1 5] 

2.(u) = — 

=. 2 x 0-011 day] x365[days/ year] 
0.1[l/year] 

= 85.4 

£v, Strati, ^il!i^p a pX^©M^p a pWffi^x, ^iH^fpXtt^ 

ctoT, ^;u^v>t^;u{is^x^m^p a pXtt^©M^FSp 3 p«ffi^*§^^u 



WO 01/16819 PCT/JP00/05755 

3 5 

^rrs^ «tt)^*iin-r***ta<^-r***oiiiioffiH*#*-r* - ^tai 

20 ^{frtsiTs^Ucfc <o#i%m$m$:mo&D uirasOT**. 

^«ffl&T*£©K:#U #;l-7-7> ; Et->t«, ^;U^/T>^i@^$^p„^ 
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3 6 

5 (7^77) ^iAt^iiT, fH?$J«±£#) 

^VMRtoffltLffik £ \Zfr 5 Z. t ifiH * 5 . 

Mffi D W5^l«tS D n D©*Mi«l;#At5 n <h (let D , t ;i/ 

7 1 ltmts ii t *T?%te^m<DM&tem®&tmmz&nzmm&m& 
tz>z.t\z&K), ^y^ts)vumz^i^)vv^>^)vmm<D^mm^^\t^ 

*;^^(3ct5#;^7^>^x;^#f©^M^^5^i^T#5„ 
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3 7 

<DfeW\zm~J^Tfc1&2 J &Z>Z.tftT?t2>. ztilz^r), Z.tl$.~?\zffl%Znti 

WftffTSofc^ ^tc, ^;i,^-7>^x;HCct§^M I ?p^cDffife^ U 
15 0 2K, *fgBJCD^;i/^-7>^x;^M5^^3^ ; 5MSC7)^n^^To El 2 

20 V-7;iB^WT ; 5^;i/^-7>^S^;cD^U->l@^^^§ l Ii 
^U->^^«^^tmffi^f B ! 1cD--^^^§«^7 t c j:feT (7-7.) & 

««^MCDWfax 0 , v 0 , Uo^^^^^tCctD^yT^S^CD 
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3 8 



[ftl6] 



v • v exp 

T 



v 



5 fc-Tv, + l J; 0, «a^IILTW0l:^5. IffillD 

±§B02te, 1 0}ll[l](D5S^«^i:?)iLT-y->7°U>^^ffo7 t c^\ 
B3tt, ffiSC', E ' JW^iEI2<h|n|i;T*5. E13(DMgC' Ttt, fffite 
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3 9 

mmzGtzjEMn&rmtLT^fztztb, ra^u v ha t searr *&g# 
mi 7] 

_ -ln(l-g M ) 

10 So 

> D coM <h £ < » b & n . 

(Am, Bm, Cm, Dm) Wz&ZfrmfrlZk Dlt>7°U >7*<ZWWg£M 

04 tgi5«, 02 <hisi3^^n^n^Tsm^com-/i'jm^rttc^^?)^5 

25 



10 
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4 0 

[»1 8] 

^.Xm.v,,,,^).- 1 "^^ 

A 

M (^3i + 2^.,_ 1 ,v i _ 1 , J u._ 1 ) = i (£ 3)+2 a0.5 fcfctf), 

"I (^ 3i+ 2 <0.5 fce>tf) 
v (^ i+ 3^ i _ 1 ,v,._ 1 , J u._ 1 ) = v 0 +|r-^-j (^=1 fcfctf), 

v o-|r-^"j (A*,., =-1 

<0»Jl>:.r = O. 05, a 2 =0. 1 1TT=0. 2 5^©«§ 
03©7n-ft-Ml,Ttx©ftHAm,!:Bmll <Sx = 0. laiU - 
3a<x<3a£6 03#LfcKfflT. «fBB t ©KWCmtDmtt. Cm=0. 
2 5 [*£], Dm=Cm+ ( 1 /3 6 5) [*] ffMa.ttlT**. 

d ©#j i ©m^j^ei 6 n^-r. ei 6 t^-rj; o izmmommm 2 1 

<#J2>:a 2 =0. IT, r = 0. 05ir = OCO«^ 
B307P-ft-M:*txOiBiAratBratt 1 Am=-co, Bm = + co 
T, WntOKBCmiDmtt, <5 t =l [ B ] T0#S 3 6 5 [B] ©365 

Sfti23 - H ' j 7 ^*&^ii£©3aNt2 4(Z)p]^$M^2 5 t 2 6i>m& 
15 LTH5;t^5„ 

±B5 ~> 5 a ; x 3 >©«^tf- t^Rl^tt, ^JE$^ £ (W)^©«^ 

twrs. -ne>©M©i B©^fi©i^»$ X £-r'5 0 ^B©«©i^ 
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4 1 

mmu. »iiiciB*itoowi:ffist5. 

^Sp (x, v, tf ; t) ©x, tff t weti9^$ti5. 

[»19] 

S(v)= Jdtdjudx p(x,v,ju;t) 

0 #?-7{itX^h^2 7 (&19S) ^77fS] 
'>:S_(v)) 2 8i:IE7jft («£©i#Jp : S + (v)) 2 9 Sr-etl^tlT-^ 

1&2 0] 

S.(v) = J dtdx p(x,v,-l;t) 
S + (v) = Jdtdx p(x,v,l;t) 

[&2 1] 

f(v)« v ' g g ex P[r y ] 
gexp[yv] + £ -g 



WO 01/16819 PCT/JP00/05755 

4 2 . 

r.mm.ftmwmz (v\ -v, W ) £, h i o 1 1 h^mcml 
M ; it3 (v' -*v> tjjfaftjfip (u' -*u) (DmT*-mffl.ftmwm 

10 «r^*Hi:Att)^D, &2 25££#5. 
[»2 2] 

£^^E< HM»Ti*3£T50iJS:^T. H 9 ^ e>HI 1 1 H£ D , AltMvCH 
[»2 3] 



20 



f (v) oc vexp 



v 
T 

4:£cD«£t#5o 
[»2 4] 

ln(f (v)) - ln(v) - Const 
25 1211 2Wl^to £jgE©&M, SSTfdffl^TS. HI 2tt, a^Hf 
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4 3 



[$(2 5] 



3(v'-» v) oc vexp - 



V 



3.5533v a + 0.1023v '+ 0.0044 



T, - 1 ««*&<D^«rlc*T§. ^ittX^TJi, #lfi]Mte&2 6^T4ib 

n<s>„ 



io fffi^±#LM^^«p d-*i ; t) tmmrr&bmttzm&p (-1 
±#^(7)^^ (i-*i ; t) □7-^37(1 m&oym^T&^tDm 

%.p (-1—1 ; t) Sr^n^n^T. *^il3 8a«3 9H ^tl 

15 [&2 7] 

p(l-»-l;t) = l-p(l-»l;t) 
p(-l-l;t) = l-p(-l--l;t) 

51$ (0*, 136) tWTILocS'lt-Si* (El*, D3 7) jW$M£ 



C^2 6] 



l;t) 

^(-l-l;t) 
-i;t) 
-l;t) 



« £S T P$ ^ <2> ± # k: ^ =b 3 
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4 4 

5 @16(Jil 5(Di£*HT&3 0 B4 2T^Lfcfe0^^x-^T$>-5« H 
ir-^H 1 BTftl OA— fe>h(D«&« (v>>^0 4 3^T^t, 
□ 44iA4 5 ti, ^77>triK:J;5y5a^y3>»-m5 0 
^ne»«, itf-^ 4 2 ©y t >^4 3 iit Lfcy t >^4 6 
MO yt>^y$al/-y 3 >T^:i(t &Hti$i&^<Z) U X ^7 f?0 £ ^ 
10 5ffiT1iM^T&5„ 

^tlfC^LT^ ftSfeO&S^xJU (116^0+47) £<&J:5ft&iftft 

2 0 0 Bt«(D»Mfcy$ a I/- h If;, mM&M 1 7 Id^T. * 
15 y$al/-ya>T1t ^MHU7hJl (fclAli, #^fiJW) te#HL 
WftK ^(D^m^Mt, Ml 7(D»(Dft^4 8 (W^OT, 4H¥ 
fil^O. 2 9) T^T. tfJUy^^T^Hi, S^FKU? hLfcSSH (B4 

LftXVztttt (iitfoMso) «, j$)iv?y : t7 ; )i(D%)± 2. soroi 



WO 01/16819 
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4 5 



imnmMiz-D^Tmwtz, ft 7 at*, wse« X i^ut- 



-Jdv'd i u , 2 s (0(x,v,^;t),v> , -» v 5j u)0(x, v V;t) 

t«, itt%.\*. 1 9 9 b i 2 o o nomo&mo i f^tw-r 



[ft 2 8] 



a0(x,v,^;t) 

vat 



a0(x,v,^;t) 



+ 2,(0(x,v, j u;t),v)0(x,v, j u;t) 
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4 6 

(x, v, n \ t) it. &M(omffltzmm-rz>cttfT%2><DT\ 19 

9 B t 2 0 0 BWRWffittf) 1 R^CDW&gP (i. & 2 9 5£TIEb< ^ 
[$C2 9] 

5 P „ f dt »(x,v,^;t) 

^Bt^CCDSggl^ r tbt. ^B^f,^C©K(c:^14^(i exp (-Z, • r) 
£tt«*U Sfc, Sggi^DTi#ft«{bbTl/r 2 (DffiiElz£V. £B 

t« l t jft c icsyg-r § * tt^ & ffi ^ s^ieis k it ^-r & c t # § . $ & , 
20 ©t\ if>yu yy^iz&BTmtLT&cizmmLfc^m&Tb^vm&zw 

-cD^ttii5CD«l^^^i!iSp a p^cDM^#Ab. Million & 3 ^i^co^fe 

sjiticj;?), y>?^>7°')>y^\zm&mh<D^mmzm§-?. 777 
ltmt 5 z: t hr^t^mowi^mmmtmmz^mm^m 
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4 7 

&3 05$.<DB-Z$>Zteft7 7v?7s<j>* (x, v, t) 
[»3 0] 

a0'(x,v,^;t) d(p'(x,v,fi;t) . 
-M +I,<v* (x,v, M ;t) 

-Jdv'd^ '2 s (v,jt -» v',^')0"(x,v',ju';t)-S"(x,v,ju;t) 
BtftftSS* (x, v, pl ; t) 0J8ft#Tfc£;fca>&3 lM^tlSfc® 

io commz^To 

[&3 1] 

(S'(x,v, j u;t)0(x,v, j u;t)) = Jdvd J udxdtS*(x,v, J u;t)0(x,v, J u;t) 

««S* (x, v, *t ; t ) «^iSp a pX«^«^^p a p(Z)iffil& 

Paints z. tr. &i&m&x\t&mm&m&<Dm%<DMim&mm?z>te\z, 

^Mfp^^PB^iffiM^^^s^^M^o^T^BJTSo 
7ciA«2 0(D^Mp 3 pch^(DM^p 3 p(Z)«M-e«, dtlbk:i&3 

[&3 2] 

dXj = ^jdt + ajVdT^j 
dx 2 = iU 2 dt + a 2 Vdt§ 2 



WO 01/16819 PCT/JPOO/05755 

4 8 

^n^tt, #-hy*- i J^o)mm\zmLx, tfjw?> 

5 It3 3] 

- MOmiO . #,(x,,v,^ ; .) t 

V^t 6Xj 

-Jdv;dM 1 '2 s (v{, -* v 15 ^) (0i(x„ vj, a*,'; t) + <f> 2 (x v v[, fi[; t)) 

a</> 2 (x 2 ,v 2 ,^ 2 ;t) d0 2 (x 2 ,v 2 ,^ 2 ;t) v 

= ^ + 2 t (v 2 )0 2 (x 2 ,v 2 ,^ 2 ;t) 

v 2 at dx 2 

-jdv;d^;s s (v;,^ -» v 2 ,p 2 )(A(x 2 ,v' 2 ,^;t)+0 2 (x 2 ,v2,p;;t)) 

[&3 4] 

dS = a(S,t)dt + b(S,t)Vdtf 

15 Mli»L;«£i^<Z)«F (S, t) tt, &3 5^0ck^(^t>$n, ft 

[»3 5] 

(aF dF l u2 a 2 F\ aF /-„ 
dF= — + a — +-b 2 — - +b — Vdt§ 

(at as 2 as 2 J as 
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4 9 

l8©l7-^7 5 1(i2 0BE A7-^5 2li6 0BE ♦7-^5 3lil0 
0 D^— 0 5 4\t 1 2 0 0t£, A7-i? 551*1 6 0 0&, O^-^ 5 6 
10 I^OOQMTO^^nSt. ^n^fl »±2. 5 aWTtiiE 

W {3 3^JM3 et 5 & iSft t> mtflT' # 5 . 

iocpu tctffis 5 n <h {Cck 0 , MMSfcffl n& c p uomz htzffi-o T, 
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5 0 

(««^) P (S, r) fcfljVrC, jft 3 6 ^<t|Sc 3 7 ^(7)|S^ 

[»3 6] 

Call(K,T) = e- rT J K "dSP(S,T) (S - K ) 
[#3 7] 

Put(K,r) = e- rT J o K dSP(S,r) (K-S) 

©aifeffifeT*. &3 7&mmuizfTmmteKTmMm*ftm-tz>m\ c/?h 



WO 01/16819 



PCT/JPOO/05755 



5 1 



(D£ (BSS) ^C3 6^iic3 7^©UX^^M$?PM^^©^3 8 



[ft 3 9] 

Call(K,r) = SN(d x )- Ke' rT N(d 2 ) 
10 [ft 4 0] 

Put(K,T) = -SN(-d,) + Ke- rT N(-d 2 ) 

[ft 4 1] 



15 ±I20ft3 8 5£, |40S©/^^^1M» (#55^ 

i:lblffltl»^fJW ©&MftT$>5 0 
20 "f -£<A^»j£*"t i: ? 8tW«tv--$ry h^LTHS. 



5 



[ft 3 8] 





WO 01/16819 PCT/JP00/05755 

5 2 

m&ft%.> tctZ\*Bm2 2 5 0£oiz£&&M<DfelEWm¥-i%&. fi^<Z)£g 
2 2 5tSffiO¥^^ch^Tfc, HI 2 1 {CTKTcfcStC, BM$C3 0f|))tti 

ft-jyoynm^h (@2o©wci) itts^s^d:^*^. ^n^n 

«BS5££MlELT;t7°xa >«rsf«LTl^ ( 

ffijE<D-^J^[g]2 2(I^To T-^r-y h 1 £nfc;t 7^ a >flfi&i:BS5£ 
OMItt^— SW£#9x-f 'Jx-f £<>7*5< 'Jx-c (IV) i 

15 H»-f>y7<Fl7f^Jf^T*5. 

132 2©tXh'J^7r^ Uf^ £i2£n&3 O*©*^^ >C4tt, 

tVT*£>6o fcLfc, ^~^yhtf7t£lZBSj!:(DlbtlzUZ>mto77 0>mW) 
trJU:fcT^nil I^IT-^MS 1H3 0 ^70C4Mtf 

4:JKffS«ft*«#Lt>jS (fff «#/J^Ilffit#= l . 0 0) S^'frtCLTO 



WO 01/16819 PCT/JP00/05755 

5 3 

±151. cDX£te<>7°7< h'#7f-f UtV^WW&FpIJST, -f>7°7< 
Fl7f^Jf^TttMTt^H. ftilTj, ±15 2. tt/^y+O^^^iS^ 

s s . x t -r ;u i WFB^iio $ nt n -a t> 

15 WiettO fcffite»CD±$^#T£oT^T (Leptokurcity) . 

ttCO^^l^^T^jA^O (Fat-Tail) t^oTU5^±HHt^5nT^ 

0 2 3iC^CD-^tJ^^:LT$)5o B2 3KH3lr>T, ^CDB^iK^^^TD 
T-7M5 2&, lWC6«t0t)^M0. l»ot^5. ^CD±3 
20 tzm&ft1fHZft? H2 4 4 3 , IT-^M5 3WJ;^(:, BSSTffl^T 

25 7M5 4) fJIi^fCifi^X £%Z.t>tlZ><DH\ i^^fWt'^ti©^ 
Ott, WlM5iifcCIEIMC8i^L<7i5 0 ZLftj&t, 

-7*t»IIBH»ift^4i;*»H<i:#A€)nTlr»*. ^tltTOO^Isgr^, John c. 
Hull, "OPTIONS, FUTURES & OTHER DERIVATIVES, Fourth Edition", Prentice-Hall 
International Inc., 2000, chapter 17 T H ii £ *l T -5 „ 
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5 4 

\m^W^(D Fat-Tail tt, 0 2 0 id 2 1 £*£ftT(^5§!ll<Z)ffite^i!lC 

2, c 3x-m*£.cz>*:gtzmft£mztt%-rz>. zn^^mtrc^^tL 

T, Fat-Tail £IFJt#*<i::£ < g&5«iigTi4&{;:£ 1; v> >7tx 
5 x^x>CD2^$>tf btl3„ L^L, 7>>7tx;K£, 

Leptokurcity £ Fat-Tail ©ffl^SSTnW. !i^tf>7T >M^T^g 
(&2 6SOp U' -tf ; t) = l/2(Dii^) £T3i:> 

a/ttWClfflt^^iT, ^7f^f Ux^THJy7 7CDS«fthl/> 
15 K£MT£5. 

Ttt, Leptokurcity ^{TfSfe&f^ «£M f (v) fCT 7 77 x.)lfttt<D 
20 «T$>?k »4 2 5£(D«7^7 Ml^fHSt-fS. 
[&4 2] 

f (v) « vexp 



T(v') 

7 t > € x;UT «J^«H(Diffi«»j <h Mtnl(D'» <h o M i © t@ m £%!tT 

^Jb7-7>tr^Tll fcHia^Kfi. ill FJ CO FJ v ' i^FJCD 

5ST5fe©T*5. ^(D&M#iJ£ll2 5 tC^To 12 5l:*5l>Tl7-^M5 5 
T«ftfcfc£>T?&5. :<D§2 5*b, aST^gfJBOH^JR^v' (CULT 
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5 5 

[»4 3] 

T(v') = T 0 (l + c 0 v'+g 0 v' 2 ) 

10 ytfMWLfcH 10^02 6 CTf . ^(DE12 6 * 

6) 

02 6{C^T0^»R2l^ttjftS!W^ Fat-Tail £tkLW3o 
15 i«»SO|ll**'>5al^-htS. fc£U ^i- >7°^x;i/T(iffiTO#tt$r 

[»4 4] 

— - rdt + 1 
S 

7^< F^7f^ Uf^ £*fltLT5KLT&3o H2 7 cDH^C 1 1 

c 1 2 ^^;i/^T>^T r ;K^^T*. -tn-6nt(W«*T©j«W3ft«4 o a 1 8 o a 

25 iST©lf B W4 0 St 8 0 0©^T^5 O 

Z.<Dm2 7 (D&l&fr <E>, yt>7°tf>Cl 3, C 1 4I^Jky7>tfJK 
11. C 1 2ii5fe^7f^ Uf^^</J:D, XT-fM-^i^fe/hJ 
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5 6 

<M^7 , ti6^4 J «|5g^a^™^iIti^„ ilttte, »>7^7Vy<Z)J;3 

[$C4 5] 

— =- -Akdt + a£ Vdt + ?7 
S 

8 SOT 2 9tt. *iIO»f^-iJ>^yXfA 1 0 0©M^ 
LT^5. ^©->77A 10 0(1 ^©T-^r-y h7'-^-7 1 0 1 £i§ffi 
LT^-^r-y hx-^SrSte*. -f >7^< Ktf^xf U tV £gtti-r<5f >7 
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5 7 

Cck 0 t a >ttMft^l1"5^l/77> ; Ef;i'5|-Sx>y > ( B MM) 
103t, :<DBMM 1 0 3 0ttJ#T5:f7*x3>flIi&£-f >7°71 F^7f^ 
Uf-f (IV) ^Wfet^y-Jv'i h^5f^ Ux^f (IV) 7^M104 
t, &»fttf«&«?i*U 7'J>h77hU £tzT-?AJl*ftofcSb<D<fy 
5 7 4 J] frn.—tf-j >7 7x-7 (GUI) tLT0f-f-'J>^»*lO5* 

^LT^^7T>^f-';Ht#X>v> (B MM) 10 3(1 HI 2 9 HtkT fllfijc 
fftt • »^ • M^«™fiA^S|5 3, S¥tifi£#A7J8B4, 
7>^f'«3 5, AtiJ^gK£:LT©GU I 1 0 5 (H 2 8 K*$»t4t>®<»: 
10 #a), im-mSA^7, jS«»flr-*|Sl»*A*«8, £L8£g£ 

0 1 t»tt*nTV»4. 

15 ft^ggajSB 1 6 , -§atr mim^ 1 7 . ^stfT^T^j^gR i s , mmmm 

fA©i5l;^Mit^yXfA^Ifflt^^i:^T^I). 
20 ©^^©^TMS**ffT^7°o^A^n^nfc^LT*0, *vAxA«t" 

- U > 7*7*0 7* y A $ to & tr £ <h fc «fc -p T^Mt 3 Z. t *<T * -5 t> ©T'£> -5 . 
OTftA7JSI*3«, M»*©ttfffiX««^©MgS^I5-r^^4 3©T 

25 0 , c 0 , g 0 ^^77>^rJW5i:A^t^. :o/^^-?iilif 
-7^bt#bn^.o »£L<tt, ™fiA^^3^bs¥fffi^©ftfffiX«M 
£ScfIfrt3ti^£T-7-y 1 0 1 A^iiL, ^Lfc^tt^ 
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5 8 

$>2>o ^7^>^5<DW#i(t ^;u^T> ; ET-';^tifg|5 5(c: c k'5iii; 

t rJKIigC 5 (Dglittf 1 ©tl©il©y7f AT^^i 1 (Dmi$t&&tS 
10 ^Jl/7-7/^fJ^3 5 2 0 H 1 9 (DM 

15 GUItLT©T^-U>^S*10 5H *'>XxA«3i0ji4>jSjg^>g 

-t3„ :©a*i 0 5H *-#-F, -^oxo^outf-i >7*x 

hf-^^-x i o in mm&h-tz-t-f-sB >m&izmmbfz 

25 1 0 1 (CH #v7sxAtC0WKf£tt£:t)tf)T& 

13 011 Al^bA6St'©6 0©fi^LTU-5„ ttfffi^^^7>'3> 
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5 9 

5 ^(C, H3 0 0£fli|<7) A 2 tA3©<ai^fyytt, A 2 CO 

Th'J A3 0MiXf7 7^7f^ 'Jf^ 

hU7 77«t^. A 2 ©117 f 7 7T*MWft y t 7 y7 > h 

10 ^stsnti^c. 

#»©^l><7)T-*y-U >7'yXfA 1 0 Om A4 0|l7f7^l:^^ 

7-7 (US 4 3S«3^iST 0 , c 0 , g 0 ) £&£T3„ 
15 ^-LT-amtf, A5(7)Ma7x-y7°(3ii^, l^MOH^iR3J*i:©-a 

vzHzMQ, /N 0 7 7-7^mBTo -Ittlli A6OilXf7y'-ClfIl0 

20 7f7 7'}:*UT^7>tTJWMfe^T^7f^ Uf^hU 7 77 

A5^bA6^Itl (03 OtCfcttS 

7f7 7'l;I0, A 0 ^7-7£HttTo 
25 aro?-y7F* s , ^(I^^7T>^T-'^T^<f^T#^)i:«|5Mb7 t c j:^ 0 
A4©ffil7f7 7°-C^7f-r Ux-fTh'J -y77£e>£<t^T#3^\ B& 

$>#b#>, A3(0ll7f7 7'l:^t5. S/:A4(Dil7f77'T^y77 
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6 0 

-fry h<h&oT^S£>T, A 2 ©MZx v 7°(CH 0 , t^tRD^S^tO, 
5fcKl, #x*-'J z^'/XfA 1 0 0^=t^{iSUt*^y->3 >«lf«©JS 

gij** * 7* v a >ffifeffffi K ch o TI fc W$ fc# ft ch I »A 3 . 

fflS>J«WCHLT»4 3S©ffil6]^l.enS^£;-5^k:'3^T, 113 1 

&(dt:'$>z>, mmit* mmm, z\z.ntmn, as, ^> §m mm, &n 

15 S. 1113 1 *(D^mC 2 1, C2 2, -, C 2 7tthX h U^M'7f^Jf^ 

©i$©^0©iK&$#^©flg£^U x-7-£{imJ0©0#iK&¥#5 
b l o %©B5©i&g£^u □T-7(iiij0©0^iK^^i o %^<i l 5%© 

20 3«»0fiflW<t:* h'JM**7f^Jf^ C 2 1, C2 

2, C 2 7»C*S*trtoJt«LT^*^t*^LT^«. hu0©0^iK 

fiS'J«^7°>- 3 >ffi&M©0iJ£H 3 2 chUl 3 3 (C^f . H 3 2 ten- )],-*•? 

y^3 >m%tmnmm&t<Dik$:9K? a U3 3&7-y v-t-y'^a ywmmv> 
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6 1 

mr\ litt^'y Fty-/3 /ffife^il«t©itti5, El 3 2 iE] 3 3 
T, C4 1t-,^C3 2, C4 2\t^)VV^y^ MZ^W 

4 3iMC3 4, C4 4ttBS^»CJ:*t>©T**. 
[&4 6] 

T(v ') = 0.007 (l + 15v '+ 300v ,2 ) 

15 H36«, T^-'J^yXfAl 0 0 0±fEO<@S'J«c^-/v3 >flB»ff 

Wlft^ya/^ITfi, >IS«I&3lfl$tfW<CK JR3l*IIW<£^t>©tt, 

20 lai^te^kCDlCO^TS^fSo 

B 1 CjSlXf7M3t5»tX h 'J*M77^ Uf-f * 

25 L*>U **I«(Df^-U >y*yXf A 1 0 0T11 ^77^3 
T^I8ffiO^;i/^T>^x%<Dfi^7/-^$r^-r§. L/TffliXf'7 
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6 2 
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6 3 

[*4 73 
as 

[t48] 

r = ^ 

as 2 

m4 9] 

[&5 0] 

^ a C 
0 = — 

[ft 5 1] 

da 

s-r©ir B i- otetfyf-sf uf'ftab^. z.nz><Di)x>7rt7*-?\,zvc,mLT 
>m&co®tt>rii)iui£X'Mm\,z##>ttm*mm 
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6 4 

[»5 2] 

Call(K,r + 6T)-Call(K,T) 
5r 

5 [S53] 

CaIl(K,T + 6r)-CaU(K,T)- 

e -„ ( e -r*, j dS(s _ K)p(S t + 6t) _ j dS(S _ K)P(S.r)) 

(IBttt)**. 

25 iz ft a? % z. tr-nm ft iz^ft&m%r <j x9 zmmr-^ % 0 
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6 5 

[&54] 

J^d^Call 
"{N(d,)-l;Put 



ffi5 5] 



0 



[S5 6] 



r - 



f SErf(d,)cr 



- rKe' rr N(d 2 ) ;Call 



SErf (d . )a „ _ rr , , . _ 
— + rKe rr N(-d 2 ) ;Put 

2 vt 



Sa vt 

Erf(d.) n 

^T^A ;Put 

S a vt 



10 [S57] 
V - 

[&5 8] 
P.. 



sV^Erf(d,) ;Call 
sV^Erf (d,) ;Put 

Kre- rr N(d 2 ) ;Call 



-Kre- rr N(-d 2 ) ;Put 

tztzL, Erf (x) a, &<n<koizfem£tiz>3:r$>z> c 

15 [S59] 

Erf(x) = vir exp ("i x; 

20 ^y-fv-i ^7f^ ijf-fit ^JkyT>^f^TML7t^7°>3 >«£ 
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6 6 

tzf^vt ■ i,3-)ix (bs) at«fc4^y^3>tfttt^-a-r*«k5ti» 
«*«mftp (s, r) tfsizmLTmmzxzumtzLtz^tit, ttt 
me o] 

Call(K)»e- 2s!r; ASi P(Si,r) (Si-K) 
[ft 6 1] 

Put(K)~e- J s S ;; 0 K ASi P(Si,r) (K-Si) 

CCT, mSHftP (Si, r) tt, t>f*^PSTM6 2StL < 
C©ft6 25t*MT*Il£K:j:oT3fta*i:£#T**. 
15 [»6 2] 

i 



Si + 



/ Si -IH ids P ( S ' T ) 

P(S i,T ) » 

A S i 

CCT, AS i £^/B±-H*/Jn£<$9, »6 2aol*«|tHR*T-^l/ 
I^BJT^o El 3 7 ft, t-V-'J >i7*«l 0 5»C*UT, «HKfBft01f7*£* 
039 (a), (b) tt, (WjC<^-V-U>^«l 0 5JC*HT, i3 80f 
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6 7 

tttt£-f >7^-f K*7f^ UtV <h1"5^77fi. l*^X7-f 

5 :©f^-U>yyXfA100H «fc0»L<ttH40O7D-f-^-hc 
^fflii^ff 1-5. ^©rtJTOte, hr-*-^ l o 1 £J&9&* (7, 

xy7*S05), SSn^LWHCT, m^imiSm^ffl^T^ig^ 
|Sj±*HoTVi* Uf'77S10, SI 5). 

10 **«ft*«4i;T^SI^tC«. ^-(1113 9, 04 1 (a) ©^7M^ 
T> IW^lLfcHiiJjllO (iiTH K4-K5CIU7) £*f 

t^^tTII^MLT Uf*;yS2 0, S2 5). &gfciUnA;*Jx- 
7, ^TO(;[U4 2 (a), (b) C^^;K4 5 1, K4 5 2, K4 5 31; 
15 «£T*««fr««»a£BMMl 0 3 HS»e<j«LTffiKfh3?^?f 
(Xf^S30 ; S30-1, S30-2) o 

*®fHMS**, ^i:(ia(;ffi^tM>^7^ h*^7f^ ijf^ <h^7 
V3>lTi$«b$BMM10 3*b«D Uf>^S3 0-3), x-f-'J 
>7*S*1 0 5©03 8, 04 1 (a) ©If TlSERtfiJ 3 9 . 04 1 (a) © 
20 tf7@ffi©7^-;|,£U7l^;/ vaL Uf7 7"S3 5-l), MM©|^ 
**V»T0*1"* (7f^S 3 5-2; X^yy'S 3 5). 0^£ft£7*57 
£04 1 (b) 

fclZWHtfrWU— A-T&SBMM1 0 3HT^JS$n-5fh3?«[igHo^T. 

25 iiL^^i:, -f>^H#7f^Jf^ (IV) ^ 77>t ^ 
T^tLf:^y 3 >«i7'7^ • ya-j^'S (BSiO fcJ: 3 

$.5o ^^T/^fj^lWyya/flfed ifti£©i&3 & 3 7 
fc$n. CI ft £©&€»#£* >x#^D&T**i!!>£. ^b«S36S, ic3 
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6 8 

75tC*t,vc, «*««HftP (S, r) AiSCMLt. «*fc*#fc*fc*L 
fcH£*, »MTOp (S, 

r) &S\zMLTf—zfMkL> iiljj2&0»6 0 it * 6 1 SC©fiafeTififtCr* 31 

5 5. 

^^T**!6«HftP (Si, r) qE>x*;PDttT, ^©»6 2^<h 

10 

*6 0^Ott»*H4 3tflKCWfC*LT*4. 14 3 0f b^liC6 1 
tt. «0«*tfftP (S, r) T'&S. fLTt7h>/7AC6 2^f-» 
Lfc»«*P (Si, r) S = K$^ c hL7cfi#l(7)e^C6 3i 

p (s, r) t<Dmz*>rti)\,omr-mmftLfzh<Dtf. &3 6^©« 

15 SMWS*T*4. a4 0l:*^f«^S2 0Ta- tf-*<*&3t-r4^tk:«fc 

oTfftt*ff«-r4t*tt, -^bCDM^iiffl^tl-S Ufy 7°S 2 0 7? YE 
S«fc#tt). MC 6 3 t h7 h^7AC 6 2 t©«S«»Lfct,o«J 

Ufy^S 2 OT'NOC^ft). 
£3, 141 (b) 0^77t*J^T, KHfC^ a*oa^tM|[|S*C6 4t 

12 8{C5kL/ct^-U>^;^A 1 0 0t«k0ttitO*«IMO#7 
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6 9 

®#^U5^*IW^fclr**fc:, H4 5©«M«ft W |2 0 0K:T, m 

^fc^*^a>©««*»«r*fcje>K:, rgB^^Hj 201, wm*a 

SJ 2 0 2, rmMHj 2 0 3*A*U **^f4Mft«R«^fr*. 

*TllBa, 2ifl0tyy 3 >ttliSit)?|t$tiT^5^ IWbTStmlfl 

4 5©MIB«teM2 0 0T, IW^Bj 2 0 2Cd©mfl«»H*A*U 
r§M1Rij 2 0 3 tLT monthly £iI^U HfT#*>£i?T (Xf-yy'S2 
15 5'). T*£d©iiiDAatt«aa<BMM.l 0 3tg»Wt«$ns Uf 7 
^S30' ;S30-r, S30-2'). 

5 Uf77"S3 5- l, S35-2 ; S35)„ 

ft«C 7 1, C 7 2^ 7 M:^LT^t7'y 3 >©^7f^ ij^ $ 
WC 7 3#V-^ hT#£LT(^(,^> 3 >©* ^ :j ^ t 
25 tkLT^So 



20 



10 



15 
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7 0 

ZTy~?S 1 5 0 ©ifflffi^^<7)#!3i-Tj-£>-5 0 

3 9©^-U>yJt**yBlBT«R*ffiA6nT^* Uf-^S 1 0). 
3 71:^5^30^), ^--1f-«BI3 9©-y-7j®tif3T, 04 1 (a) 
U7-y 7°S 2 OTYES 

MfcA*^-***, BMMx>y>i0 3l;gi^ n> im^iLT 
El 5 0 £^Lfcx-*a?ig;irft5 0 OcDKRtt. v-^ hT«»t$ 

25 CATMftfiancilciO, W>7^< K#?f-f U7^0*fflft*e 



W0 01/16819 PCT/JP00/05755 

7 1 

X3>*, H4 9©7D-ft- MCgoX&gK^O, 0 5 2 fcjrcf«fc5fc7 
x-f^ >7***£ff H52 (a) a imtW frmm&ff; (7xy7*S 
15 0-4), ^{C7x< M^^Miw^igf^FBl^, £<2>|B|B| (b) K^.TJ; 

a 1«E*«B»T**U a 2Bg££Hmi^T5 (7t7 7'S1 5 0- 
5, S150-6). tnW<il5 2 (d) fC^T^-SKa ePg££TSiDjI 
L^kTS (7t^7S 1 5 0- 7, S150-8, -, S150-e, S15 
0 - (e + 1 )). 

Bt«r*-7f5-K*>6 r+j, r-j ^-c^tha^c^ d , m^mmumm^n, 

115 2©*^Sfcia^fcRlft$n5 Uf77*S 1 5 0-l~S 1 5 0-3). 

>7^A'-f 7£$oTfcBf^T$>3„ 
H5 0TSUfcBMMl>i?>l 0 3^e,SHo^:th^m«. 115 1 t^f 
«t-5fC^77*^$n5. 115 1^, KRittfiATM^ A7-^7(iBMM 

ttic^nd atmh*3^5 i v©ir B iii(7)ii7z^-y3 >^ 7l 

W«»C, 15 3C7)7D-5P^-Mi, H4 4C7)7D-5f-\*-HC*fLT, 7x 

sjsk^t^s 150' ©m^cdmt&So 

H5 3c7)7D-^-Hc£^T, ftV>fH|L|Sft*fflV>TH3 7'-|g 

E14 5 0mi^H®2 0 OtC&^T, MLfcW^/a /Olf^f^t^ 
fcfcK, fTO^^Bj 2 0 1, T-M^^Bj 2 0 2 £At/L, £fc f» 
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7 2 

§ Uf77'S2 5' , S30'). *l,TZ<DWrmiak&t/y7&7ik?ZZt 

Sfr7x*-v 3 >^7x-x-t >^i^at, mm&wi^oM&tzttj&iz 

^(C, 112 8(^LfcxV-'J>^vX7 1 Al 0 OlCiOr-f-^-^yx 
~H5 6 0RWBI*fflHTIttWr<5. fofe, i5 4©7D-f t-hi^^T, 

^sQ*1t7*]iiEl?rUj5E^A^nT*5 0 Uf 77°S 0 5~S 1 5), H— tf- 

!f-7^M£££fgjiL£^i§-&«, 7f7 7S 4 0 {CT$iJ&*g 
jftSfrtt, E9 5 5lC*LfcXU7L, M, N£JII^ 777TF77^t5 
(77>y7*S4 0, S4 5)o iffltX'JTL^f^t, @56«^ 

ftX^ffl$n5 (7f77S5 0)„ JH305IU7M, NI^HTfc»* 
J&\ tWiT-UT^-fAICfx-yy^n^ (7f77S6 0. S10. SI 
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7 3 

5. S 2 0, S40). 

hX'J7fC"7-y-y h*«@#Lfc«Ptt. Xf-^S 6 0 7?YESt7.# 
fc£"5»CV-$ry HcgijfS£#ft£n Uf7^S 6 5, S 7 0). 
£B# Uf7 7"S7 6) fj. »-^MU7, mifX'J7N^yy 3 

5). 

SMiiiC^^Tfe, 7V -7-^*1 0 5CATM©<>7 7< ^ 7 f>f 

Hi:#T€f5. El 5 7~H6 1 tt j e<7)J:-5 7 l j;7x-T : > >^^M©7n-^ 
i—h^U 116 2fir-V--7-S^l 0 5©g^j^^^LT^-5c El 5 7 
~H6 1 ©7n— ^-f— Mc&t^T. M<7)7n-^- h©Mx7-y 7°£# 

ilfiTte. m^W^^m^xm 3 7~H3 9©7V-'J >7**^-!t7/iIj®T 
W^Sntl^ (7f77S0 5, S10)c 

-7-7-7 hrm^nx^^mm<Dnmm^w^(Dm^m^xh, H6 2©k 

RT^Tct^HATM^STS^it^O. -£-CM>y*7< ^7f-f Uf^f 
(7f77S15 0-l~S15 0- (e + D). 

^©«feil:i- !f-tt. @6 2Hi3liTl'J7L^777^yy 3 > 
iSTS^iCctO (X7-y7°S40, S45, S5 0). 7f7 7'S6 0T7 
-fy hX'J 7fC "7-7-7 h^'EiL/i^i^^^ tf>r B 1fii7:gij^x7^^n. 
^_y 7 hx ,j 7{c ^_^ iy h3WsI»Lfc|^»Ctifc^»CT— Jry MCgSjfg£ 
^&£ft5 U-7~y7°S6 5. S7 0) o 
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7 4 

7T^Jf^ (IV) ©fflf B »fi7-^-y 3 >$7x-fV >^it 

6 3(Z)7D-^ir-hROT6 4(Z)^0JH(ca^^T^Bjr-5„ tafe, i63© 
7D— 3=-* — HC&^T, i57~|61 (D7 a— — h i;^ii^-55aa7f- 

7 7° 1 1 0 H T tt n - O ft # $ ft L T ^ L T $> Z> . 

BI3 9 ©tv - U >^SS*1t7*liETTlT?K^^e,nT*3 0 Uf7 7"S 0 5, 
S 1 0, S150), ^-' t t*-«^^ ; &x;L'(Z)jgiE7ic^^evrL7;L'(C#0BLT 

>1 0 3<Z>ffl;*j#ft&C 1 0 1T*0, T-try h<D@W^«C 1 0 2 \Z?M 
£tt, T-y-y h<ZH>7^< h'Jl?7f^ 'Jf^ftlC 1 0 3i^TW« 

Wfctt^T-y7'S8 0T?|i|ii*ff**^t, *«UfcT-^ry ho«H, flAtf 
i6 4ttt»JSl'J7b$777«t5 Uf77*S8 5). £<Z>fi££tt 
£1**612, SfJfcx'J 7f-^ 1 3 1 fcte#rt£ft3„ 

Sfc. S6 4T^XU7b(C^L7 t cJ:^{3, ftUt^/f yy 3 >a(t 
fTM*&K2 0^7°>'3 ^XU7bttfT«^K3(Z)XiJ7{3fe 
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7 5 

3. 

WmmWC^k, 7s7-y?°S 9 0 (CTSf $X 'J 7 b l;7-^r y ha*A^>fc#<t: 
0f)\ Ml'JTf-^ 1 3 1 hr-^ 1 0 1 i^t&«TU7^ 

^-TAICfx^^^, •^LTV-'Ty r-tf^Wfttt, h# 
MC 10 4 CO J; ^ izfc <0 , Sfjfix U 7 b fCV-^r « y h tfxtl&fzfz-Z tCft;££ 
^LTW^yy3>a^7y-^ii (d) £t!:T:i— tf-fCg^DT 3 Uf 
yy°S 9 5). 

fc*J, ±K©4flH*llBfc*fLT. 06 5<7)Mji#g£gl6 3<7)7n-^- h 

SWWl, ^H(7)-7-^^ h^ffiHC 1 0 4{^Lt«fc^{caF?fiX'J7b{CA^ 
3ftffl;*j;t*ttTft<, U6 6f^LAcJ;5{C, *rfc»Cft##>;$/3 >x 

HI||**ffll>TH3 7 ~g] 3 9(7)x^-U>^ffi*+h7M-emra^{5^^tlT 

^^TrfJ^^bL, SH©7-y 7 h^C 1 0 4^^X'J7b(CA-^7 h c 

IlOttlRSftftiT*. ^rLXm^X. 1116 5(7)7 D-f^- Me&tt37f-y 7° 
S86T, EI 6 6 l:K#(D^y y a > a ftf^y y 3 >X'J7e£, ft 

3t7-^ 1 3 1 t7-^7 hf-^ 1 0 1 Zbtlzn&TZ, Ztlte, smis 
LTl^7-^T7 (H6 6fcfctt*llM*Cl 0 2) ^filCKLTltt 
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7 6 

a— !f- « ,1 nfcft*# is is 3 > X ij 7 e <£> * <=> » jg^J £ S 5 # v 
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7 7 

m * <d m m 

m f s & $u k & s u © ^ £ $ D n D © « u x ^ m -> x r a t c & u t , 
^[pj(D -5 soots. < t b—Dowmm&AJitzmmmAij^mt , 

©**^#*WE#;i/yT>^x;i/*tFf^fiA*rsiiflp^ • m^a^ 

*ftWLtTZ&Mfc&&ZW$ j e<Dm£.&S 1 <Dffi& UX^lfjffivXxA, 
sB#^^t>^x;^W^(cA^L, WBBjftft^* • ^^#A*^att, if 

3. m#mi KfcHT, iE2^Jk77>^f«^[:^LT|ffiM 
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7 8 

-f3:ki$i8jp a p&3 ^te^W^£i8jp a pC7)-fSB*g. ij x r»>7TA. 

6. SfjfcJgi Kfctrvr, msH^SM-^ffijMA^^iftfi, &Mm& 

*>iv? >t f;mfffgi; AW5 z t *mmt~?z>Mm&&z> wttom 
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7 9 

8. »#jskc£^t. BtffiM^^iA^gii &mm& 

£S!l!i8ip a p&3 Wi^<Z)M£iS.&f;MT5£f*x-* ^A^ U HtflB^KSca** 

9. Hf:*JSit;:*j&vr, tmftBlftfi • 2ffii$MliA*#MBtfi, #JU7T 

Hfjis^ ju7 t > * r;kWf ^fttc a # t % 3i t £#s* 1 1 % h 5 w*e 

10. W5t<Ji i (i4o^t> OT^JUy^t^ju^fr^i^ ^ju^t 

* 5 ^ «^ ©lilifp <Dmm®&& 3 ^ fi 7 ^ y 7 x 3 # JU7 T 
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